In this paper, proton decay in a large nucleus is studied in the framework of SU{5) grand unification theory (GUT). By using a method based upon the Green s-function technique of many-body physics, nuclear effects on spectator and pole terms are computed. The decay width in the nucleus is found to be practically the same as in free space. However, nuclear effects are of considerable importance concerning the positron spectrum. A densitycorrelation expansion is introduced which is useful for carrying out a systematic study of nuclear effects in proton decay in a large nucleus. The method presented here can be easily extended to other GUT's or supersymmetric GUT's.
I. INTRODUCTION
During the last few years, a considerable amount of effort, both theoretical and experimental, has been devoted to the study of proton decay, a remarkable phenomenon predicted, as is known, in grand unification theories (GUT's) . ' Due to the fact that the corresponding experiments are carried out with materials made (mainly) out of complex nuclei, the question of the relevance of nuclear effects in the de- cay is, no doubt, interesting. Concerning just the decay width, it is expected, in principle, that said nuclear effects are of little importance. The physical reason is that the process is highly incoherent in the nuclear sense, and therefore one expects I z --AI &, where I z is the proton decay width in free space and 2 is the number of nucleons (I "=1&has been assumed). However, it has been pointed out recently that this is not necessarily so because of the existence of the three-quark-fusion process (i.e. , direct conversion of three quarks into a positron) which, according to Ref. 2 , greatly increases the proton decay width in a complex nucleus. As a matter of fact, a sizable reduction of the proton lifetime in ' 0 as compared with that of a free proton is predicted.
Nevertheless, although the physical arguments exposed in Ref. 2 are not wrong, their actual computation of proton lifetime in a complex nucleus is not correct because some unjustified extrapolations are made throughout the calculation. This is discussed at length in a previous paper by two of the present authors. Also in said paper, a treatment of nuclear effects in proton decay in a large nucleus, based upon the Green's-function technique in many-body physics, has been introduced. This treatment allows us to study nuclear effects in proton decay in a systematic way. Some preliminary (and rough) numerical estimates were presented, according to which nuclear effects could be of relevance for complex nuclei, as opposed to the deuteron case wherein they appear to be almost negligible. ' For He, some explicit estimates by Dover et al. indicate that nu- clear effects in the decay width are small, and, moreover, they make the guess that those effects should not be very important for heavier nuclei.
On the other hand, in Ref. 5, a substantial (50% for 2=60) increase of the proton decay width in complex nuclei has been predicted. This comes mainly from (virtual) pion absorption in the nucleus giving place to a 6 state. As the situation seems to be rather confusing, we think a detailed treatment of proton decay in a nucleus is worth presenting, following our previously introduced method.
In Sec. II, we discuss some general aspects of proton decay in the framework of SU(S) GUT that we shall need in the nuclear case. %'e show how to eliminate the quark fields in the effective Lagrangian for the decay, replacing them by interpolating proton and pion fields. This turns out to be quite useful when dealing with proton decay in a nucleus. 
the symbol T denoting the time-ordered product. Some calculations establish the connections between I's and G's: 
Notice that the 6 is regarded as a stable particle with m~--1232 MeV. The proton Green's function G(E), which determines the pole contribution to 1 z /A, can be written in terms of the proton proper self-energy in the infinite nucleus X*(E)as 
Consequently, for the diagrams under consideration, Fig. 1(a) to the normalized e+ spectrum, defined as Fig. 2 Fig. 1(a) is quite negligible, since we get (r"/w -rf)/I f -0.01.
Notice that those corrections are due only to the nuclear density dependence, but that they do not account for the correlations among nucleons.
In order to somehow incorporate such correlation effects, we will consider diagrams like (b) in Fig. 1 , which may contain nucleon-hole loops. Notice. that in Fig. 1(b Fig. 1(b) After some calculations for ImX* from the diagrams in Fig. 1(b Fig. 1(b) , we find the positron spectrum shown by the continuous line of Fig.   2 . The latter spectrum has several peaks which are due to the following physical effects. Fig. 1(b) ] does vanish when Kr 0.
--I.et Xi(K) be the sum of all many-body Feynman diagrams for X*(K), each of which has neither nucleon-hole nor 5-hole loops [like the ones in Fig.   1(a) ]. Similarly, Xi(K), each of which has, at least, one nucleon-hole or a 5-hole loop [like the generic diagram in Fig. 1(b) ], so that (4.6) X" (K) = X i (K) +X2(K) .
First, let us consider the Feynman integrals associated to diagrams for X2(K) when Kz --0. By looking at the integration over energies corresponding to internal four-momenta in the blob, one shows that a11 the Feynman integrals vanish, by residue integration (as poles distribute themselves so that there are always half-planes free of singularities). This property is particularly easy to establish for the diagram in Fig. 1(b Fig. 1(b) when the blob is just the proper pion self-energy II"(q). Notice that only two pion lines join the (one-particle irreducible) blob to the external fermion line in Fig. 1 
